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(54) Single cell and stack structure for solid oxide fuel cell stacks 



(57) A single cell and stack structure for SOFC 
stacks is disclosed. The single cell consists of a fuel 
electrode, an electrolyte and an air electrode, with 
opposite two or four sides of said single cell is shaped 
while being bent downwardly, thus forming an electrode 
support type structure or a self-support(electrolyte sup- 
port) type structure each having a reversed U-shaped 
cross-section. In the SOFC stack structure, electrode 
support type or self-support type single cells are gas- 
tightly stacked on a separating plate while being held on 
a plurality of sealing grooves sealed with sealant. In the 
SOFC stack, the fuel gas and the oxidizing gas are free 
from being mixed together due to an improved gas seal- 



ing structure. The SOFC stack is thus free from a stress 
due to a difference in coefficient of thermal expansion 
between the single cells and the separating plate at a 
raised or lowered temperature. When the SOFC stack is 
assembled, the bent support portions of the single cells 
are precisely seated in the sealing grooves of the sepa- 
rating plate. The single cells are thus stably held within 
the SOFC stack while lengthening the expected life 
span of the stack, improving the durability and the oper- 
ational reliability of the stack, and allowing a user to 
more easily repair the stack when necessary. 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[OOOi] The present invention relates, in general, to 
solid oxide fuel cells and. more particularly, to a single 
cell for solid oxide fuel cell stacks, being shaped while 
being bent downwardly at opposite two or four sides of 
the cell to form an electrode support type structure or a 
self-support (electrolyte support) type structure each 
having a reversed U-shaped cross-section, the present 
invention also relating to a solid oxide fuel ceil stack 
structure with such single cells being gastightly stacked 
on a separating plate at a plurality of sealing grooves of 
the plate sealed with sealant. 

Description of the Prior Art 

[0002] As well known to those skilled in the art. fuel 
cells are designed to accomplish a smooth flow of reac- 
tion gases to two electrodes (i.e.. anode and cathode), 
to bring the two electrodes into electric contact with an 
electrolyte substrate, and to accomplish a gastight seal- 
ing effect between the reaction gases. The fuel cells 
thus induce an ionic conduction from the electrodes 
toward the dense electrolyte substrate and create an 
electrochemical reaction in the electrodes, thereby 
forming electromotive force and finally generating elec- 
tric power using the electromotive force. 
[0003] In recent years, solid oxide fuel cells (herein- 
beliow, referred to simply as "SOFC") have been pro- 
posed and used while being sa<:alled "a third 
generation fuel cell". In such an SOFC. a thermochemi- 
cally stable metal oxide is used as the material of an 
electrolyte substrate, with a fuel electrode (anode) and 
an air electrode (cathode) being respectively attached 
to both (lower and upper) sides of the electrolyte sub- 
strate. Such an SOFC somewhat freely uses a variety of 
fuel gases, such as H2. CH4, CH3OH. etc.. without 
reforming the fuel gases, and uses air or oxygen as an 
oxidant, thus effectively accomplishing a highly efficient 
arxj low pollution power plant. 

[0004] A conventional SOFC stack consists of a fuel 
electrode (anode) (Ni-YSZ cermet), an electrolyte 
[doped zirconia (Zr02+8Y203), doped ceria (CeOa), 
doped bismuth oxide (61203). doped perovsWte]. an air 
electrode (LaSrMnOa), a separating plate or an inter- 
connector (Cr-SFe-IYgOa. Ni-based metal. LaSrCrOa), 
a current collector, and a sealant (glass or glass- 
ceramic). The above-mentioned elements are assem- 
bled into a desired SOFC stack. The SOFC stack is also 
assembled with peripheral equipment, thus accomplish- 
ing a desired power generating system. 
[0005] Such an SOFC stack includes a plurality of 
single cells, each consisting of an electrolyte substrate 
with a fuel electrode as a negative electrode (anode) 



and an air electrode as a positive electrode (cathode) 
being attached to both sides of the electrolyte. In order 
to effectively create a desired electrochemical reaction 
in the two electrodes, the electrodes each preferatrfy 

5 have a porous structure. In addition, the electrolyte sub- 
strate, or the intermediate layer of the single cell, prefer- 
ably has a dense structure which does not allow fuel 
gas or oxidizing gas to permeate into the electrolyte or 
to be mixed together. 

10 [0006J When such single cells are stacked into a 
desired SOFC stack, the single cells are positioned 
between two separating plates. In such a case, it is nec- 
essary to form a desired gastight sealing structure using 
a sealant, such as glass or glass-ceramic, within the 

15 stack so as to prevent two different gases from being 
mixed together while flowing along opposite gas chan- 
nels of the separating plates. It is also necessary to 
design the SOFC stack to allow a smooth gas supply for 
the opposite electrodes of each single cell. In addition. 

20 an insulating layer or an insulating plate, made of a seal- 
ing and insulating material, is provided on an area of the 
upper separating plate, with the area being free from the 
single cells. 

[0007] Conventionally, the SOFCs are classified 
25 into three types, such as a tubular type, a planar type 
and a monolithic type. Of the three types, the tubular 
type SOFC is the well-known type SOFC. However, 
such a tubular type SOFC is problematic in that it is very 
.difficult to produce and is less likely to be practically 
30 used. 

[0008] A known method of producing such a tubular 
type SOFC may be referred to a Minh's report (N. Q. 
Minh. J. Am. Ceram. Soc.. 76[3] p 563-588, 1993). As 
disclosed in the above Minh's report, a porous electrode 

35 support in the form of a tube having a length of 2 mm is 
primarily produced through an extrusion process. 
Thereafter, a porous electrode layer is formed on the 
porous tubular support through a slurry coating proc- 
ess. In addition, both a desired electrolyte layer and a 

40 desired interoonnector are formed through an EVD 
process (electrochemical vapor deposition process), 
thus producing a desired tubular type SOFC. The tubu- 
lar type SOFC is somewhat advantageous in that it is 
easy and simple to accomplish both a desired gas seal- 

45 ing effect and an interconnection of single cells while 
stacking the tubular type SOFCs into an SOFC stack 
However, the tubular type SOFC is problematic in that it 
has a low power density in comparison with the planar 
type SOFC or the monolithic type SOFC. In addition, it 

50 is necessary to enlarge the size and volume of EVD 
equipment in proportion to the length of a desired tubu- 
lar type SOFC. This finally forces the EVD equipment to 
be large-sized and increases the equipment cost. Fur- 
thermore, a multi-step process has to be used for pro- 

55 ducing such a tubular type SOFC. thus increasing the 
production cost of single cells. Therefore, the tubular 
type SOFC will be less likely to be practically used. 
[0009] Different from the tubular type SOFC and the 
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monolithic type SOFC. the planar type SOFC is advan- 
tageous in that the electrolyte thin substrate having a 
thickness of 200^m may be n^de of inexpensive con- 
ventional ceramic, thus being suitable for production in 
commercial quantity. Such a planar type SOFC also 5 
effectively improves the power density to an extent 
which cannot be expected from the tubular type SOFC 
or the monolithic type SOFC due to their structural dis- 
advantages. In this regard, such planar type SOFCs 
rather than the tubular type SOFCs or the monolithic 10 
type SOFCs have been actively studied and developed 
recently 

[0010] Such planar type SOFCs are conventionally 
classified into electrode support type SOFCs and self- 
support (or electrolyte support) type SOFCs in accord- is 
ance with the electrolyte, the electrode or the material. 
Of the two types, the self-support type (or electrolyte 
support type) SOFCs are more widely used rather than 
the electrode support type SOFCs. As shown in Fig. la. 
such a self-support type SOFC is produced by coating a 20 
positive electrode (cathode) layer and a negative elec- 
trode (anode) layer, each having a thickness of several 
ten micrometers, on both sides of an electrolyte sub- 
strate having a thickness of 200jim. A known method of 
producing such a electrode support type SOFC may be 25 
referred to a Souza's report (S. de. Souza, J. Electro- 
chem. Soc.. 144[3] L35-L37. 1997). As disclosed in the 
above Souza's report, an electrolyte thin layer having a 
thickness of 20 pm is formed on a porous electrode sup- 
port^having a thickness of 1 - 2 mm, thus forming a 30 
desired electrode support type SOFC having a highly 
improved electric performance. When an SOFC stack is 
produced using such electrode support type single 
cellsr it is possible to preferably reduce the operational 
temperature of the SOFC stack from 1 ,000°C to about 3S 
800*C. Therefore, the planar type SOFCs have been 
actively studied and developed recently to provide 
improved electrode support type SOFCs. 
10011] In order to accomplish the recent trend of 
high power capacity of SOFC stacks, it is necessary to 40 
assemble an SOFC stack having an enlarged area and 
this forces the area of each single cell of the stack to be 
enlarged. However, the known technique of producing 
ceramic thin plates only provides a square electrolyte 
plate having a dimension of abK}ut 10 x 10 cm or about 4S 
20 X 20 cm. the electrolyte plate being used as an elec- 
trode support plate. Therefore, as disclosed in a Blum's 
report (L. Blum et al. Proceedings of the 4th Int. Symp. 
On SOFC. Vol 4. p 163-172. 1995), a grid array SOFC 
stack, having a desired size larger than that of each sin- so 
gle cell, is preferably proposed to be used as a planar 
type SOFC stack. In such a grid array SOFC stack, a 
plurality of single cells having a size smaller than that of 
a separating plate are arrayed in parallel on the separat- 
ing plate while accomplishing a highly gas sealing effect ss 
as shown in Fig. lb. However, such a highly gas sealing 
effect is very difficult to be accomplished during the 
process of producing the grid array stack, and so the 



requirement for the highly gas sealing effect stands in 
the way of practical use of such planar type SOFCs. The 
requirement for the highly gas sealing effect of the pla- 
nar type SOFC stacks is very important since it directly 
determines the durability and expected life span of such 
stacks. 

SUMf^ARY OF THE INVENTION 

[0012] Accordingly, the present invention has been 
made keeping in mind the above problems occurring in 
the prior art, and an object of the present invention is to 
provide a single celt for SOFC stacks, is shaped while 
being bent downwardly at opposite two or four sides of 
the cell to form an electrode support type structure or a 
self-support (electortyte support) type structure each 
having a reversed U-shaped cross-section. 
[0013] Another object of the present invention is to 
provide an SOFC stack structure, with electrode sup- 
port type or self-support type single cells being gas- 
tightly stacked on a separating plate while being held on 
a plurality of sealing grooves sealed with sealant. 
[0014] In order to accomplish the above object, the 
present invention provides a single cell for SOFC 
stacks, comprising a fuel electrode, an electrolyte and 
an air electrode, which is shaped while being bent 
downwardly at opposite tv^ or four sides of the cell to 
form an electrode support type single cell or a self-sup- 
port type single cell each having a reversed U-shaped 
cross-section. 

[0015] The present invention also provides an 
SOFC stack structure, with electrode support type or 
self-support (electrolyte support) type single cells being 
gastightly stacked on a separating plate while being 
held on a plurality of sealing grooves sealed with seal- 
ant. 

[001 6] In the SOFC stack of this invention, the fuel 
gas and the oxidizing gas are free from being mixed 
together due to an improved gas sealing structure. The 
SOFC stack is thus free from the stress due to a differ- 
ence in coefficient of thermal expansion between the 
single cells and the separating plate when the tempera- 
ture of the stack is raised or lowered. Since the sealant 
is stably kept within the sealing grooves regardless of 
an environmental change, the SOFC stack is stably 
operated without being affected in performance when 
the temperature of the stack is raised or lowered. When 
the SOFC stack is assemljled. the bent support portions 
of the single cells are precisely seated in the sealing 
grooves of the separating plate. The single cells are 
thus stably held within the SOFC stack irrespective of 
external impact or thermal stress. This finally lengthens 
the expected life span of the SOFC stacK irrproves the 
durability and the operational reliability of the stacK and 
allows a user to more easily repair the stack when nec- 
essary 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] The above and other objects, features and 
other advantages of the present inverrtion will be more 
clearly understood from the following detailed descrip- s 
tion taken in conjunction with the accompanying draw- 
ings, in which: 

Fig. 1a is an exploded perspective view, schemati- 
cally showing the construction of a conventior^l w 
simple planar, self-support (elctrolyte support) type 
. single cell for SOFC stacks: 

Fig. 1b is an exploded perspective view, schemati- 
cally showing the construction of a grid array SOFC 
stack with a plurality of conventional single cells of is 
Fig. la: 

Fig. 2a is a view, schematically showing the con- 
struction of a fuel electrode (anode) support type 
single cell for SOFC stacks in accordance with the 
primary embodiment of the present invention, with 20 
the four sides of the cell being bent downwardly to 
form a reversed U-shaped cross-section of the cell; 
Fig. 2b is a view, schematically showing the con- 
struction of an air electrode (cathode) support type 
single cell for SOFC stacks in accordance with the 2s 
second embodiment of this Invention, with the four 
sides of the cell being bent downwardly to form a 
reversed U-shaped cross-section of the cell; 
Fig. 2c is a view, schematically showing the con- 
struction of a self-support(electrolyte support) type 30 
single cell for SOFC stacks in accordance with the 
third embodiment of this invention, with the four 
sides of the cell being bent downwardly to form a 
reversed U-shaped cross-section of the ceil: 
Fig. 3 is an exploded perspective view, schemati- 3S 
cally showing the construction of a grid array SOFC 
stack assembled using a plurality of four-side bent 
single cells of this invention; 
Fig. 4 is a sectional view, schematically showing the 
construction of a grid array SOFC stack assembled 40 
using the fuel electrode (anode) support type single 
cells of Fig. 2a: 

Fig. 5 is a sectional view, schematically showing the 
construction of a grid array SOFC stack assembled 
using the air electrode (cathode) support type sin- 45 
gle cells of Fig. 2b: 

Fig. 6 is a sectional view, schematically showing the 
construction of a grkj array SOFC stack assembled 
using the self-support (electrolyte support) type sin- 
gle cells of Fig. 2c: so 
Fig. 7a is a view, schematically showing the con- 
struction of a fuel electrode (anode) support type 
single cell for SOFC stacks in accordance with the 
fourth embodiment of the present invention, with 
opposite two sides of the cell being bent down- 55 
wardly to form a reversed U-shaped cross-section 
of the cell: 

Fig. 7b is a view, schematically showing the con- 



struction of an air electrode (cathode) support type 
single cell for SOFC stacks in accordance with the 
fifth embodiment of this invention, with opposite two 
sides of the cell being bent downwardly to form a 
reversed U-shaped cross-section of the cell: 
Fig. 7c is a view, schematically showing the con- 
struction of a self-support (electrolyte support) type 
single cell for SOFC stacks in accordance with the 
sixth emtKXliment of this invention, with opposite 
two sides of the cell being bent downwardly to form 
a reversed U-shaped cross-section of the ceil; arxi 
Fig. 8 is an exploded perspective view, schemati- 
cally showing the construction of a grid array SOFC 
stack assembled using a plurality of two-side bent 
single cells of this invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0018] Figs. 2a to 8 show single cells and stack 
structures for SOFC stacks in accordance with the pre- 
ferred embodiments of the present invention. As shown 
in the drawings, the present invention provides a fuel 
electrode (anode) support type single cell, an air elec- 
trode (cathode) support type single cell, and a self-sup- 
port (electrolyte support) type single cell for SOFC 
stacks. The present invention also provides an SOFC 
stack structure having the above-mentioned single 
cells. 

(001 9] In a fuel electrode support type single cell 4 
of Fig. 2a. a porous fuel electrode 1 , or an anode having 
a thickness of 1 ~ 2 mm. is shaped while being bent 
downwardly at two or four opposite sides to form a 
reversed U-shaped cross-section, with a planar top por- 
tion 31. a corner portion 32 and a bent support portion 
33. An electrolyte thin layer 2. having a dense structure 
with a thickness of 1 0 ~ 50 jim. is coated on the top sur- 
face of the planar portion 31 and on the external sur- 
faces of the corner and support portions 32 and 33 of 
the fuel electrode 1 . Thereafter, an air electrode, or a 
cathode having a porous structure, is coated on the top 
planar surface of the electrolyte thin layer 2. In a brief 
description, the fuel electrode support type single cell 4 
of Fig. 2a is a triple-layered single cell, with the electro- 
lyte middle layer 2, the fuel electrode lower layer 1 and 
the air electrode upper layer 3. On the other hand, an air 
electrode support type single cell 4 of Fig. 2b has a pro- 
file similar to that of the cell of Fig. 2a, with the positions 
of the fuel electrode layer 1 and the air electrode layer 3 
being reversed from those of the primary embodiment. 
[0020] In a self-support (electrolyte support) type 
single cell 4 of Fig. 2c, a dense structural electrolyte 
layer 2 having a thickness of 100 - 300 ^m is shaped 
while being bent downwardly (at right angles) at two or 
four opposite sides to form a reversed U-shaped cross- 
section. A porous fuel electrode (anode) layer 1 Is 
coated on the lower surface of the electrolyte layer 2. 
while an porous air electrode (cathode) layer 3 is coated 
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on the top surface of the electrolyte layer 2. The self- 
support type single cell 4 has a triple-layered structure. 
The single cells of Figs. 2a to 2c are used for producing 
an SOFC stack structure 11 of Fig. 3. In the SOFC stack 
structure 1 1 of Fig. 3. a plurality of gas channels 6 are 5 
formed on a first separating plate 8. while a plurality of 
channel supports 7 are positioned on the gas channels 
6 with the single ceils 4 being stacked on the channel 
supports 7 in the stack 1 1 . In order to assemble the bent 
support portions 33 of the single cells 4 with a second 10 
separating plate 9. a plurality of sealing grooves 12 are 
formed on the second separating plate 9. Each of the 
sealing grooves 12 has a shape corresponding to the 
profile of the support portion 33 of each single cell 4. A 
sealant 5 is filled in the grooves 12 prior to seating the 75 
bent support portions 33 of the single cells 4 within the 
grooves 12. Thereafter, an insulating plate 10 is laid on 
the second separating plate 9 while surrounding the sin- 
gle cells 4 and accomplishing a desired sealing effect 
between the insulating plate 1 0 and the second separat- 20 
ing plate 9. thus forming a desired SOFC stack structure 
11. In the present invention, a plurality of stack struc- 
tures 1 1 with one being laid on top of another, thus form- 
ing a desired SOFC stack. 

[0021] A better understanding of the present inven- 25 
Won may be obtained through the following examples 
which are set forth to illustrate, but are not to be con- 
strued as the limit of the present invention. 

Example 1 (A process of producing a fuel electrode 30 
(anode) support type single cell which is bent down- 
wardly at four sides, and a process of producing an 
SOFC stack using such single cells) 

[0022] In order to produce a desired fuel electrode 35 
(anode) support type single cell. NiO powder and yittria 
stabilized zirconia power (2r02+8Y203, 8YSZ) were pri- 
marily mixed together at a weight ratio of 50:50. thus 
preparing a powder mixture. Thereafter, 20% graphite 
powder was mixed with the powder mixture, thus form- 40 
ing a starting material for substrates. A porous sub- 
strate, or a fuel electrode layer 1 having a porosity of 
40%. was produced using the starting material. In such 
a case, the porous substrate 1 had a shape of Fig. 2a. 
was sintered ultimately into a square size of 55x55 mm. 45 
with a thickness of a square portion 31 of 1 ~ 2 mm. an 
outside height of a bent support portion 33 of atx)ut 3 
mm. an inside height of the bent support portion 33 of 
about 1 - 2 mm. and a thickness of the bent support 
portion 33 of about 1 ~ 2 mm. so 
[0023] Thereafter, an electrolyte, selected from 
doped zirconia (Zr02), doped ceria (Ce02). doped bis- 
muth oxide (Bi203). doped perovskite and a mixture 
thereof, was coated on the substrate 1 through a con- 
ventional slurry coating process or a chemical vapor ss 
deposition process prior to performing a heating treat- 
ment, thus finally forming a dense electrolyte layer 2 
having a thickness of 10 - 50 pm. In such a case, the 



electrolyte layer 2 was coated on the top surface of the 
planar portion 31 of the substrate 1 ar»d on the external 
surfaces of the corner and support portions 32 and 33 
of the sut>strate 1 as shown in Fig. 2a. thus preventing a 
direct gas leakage from the porous substrate 1. There- 
fore, it has been possible to prevent an undesirable 
reduction in the sealing effect of a resulting single cell 4 
when a sealant was brought into contact and reacted 
with the electrode layers 1 and 3. 
[0024] As shown in Fig. 2a, an air electrode 3. or a 
cathode, was printed on the top surface of the planar 
portion 31 of the electrolyte layer 2 using LSM 
(Lao 8Sro.2^^"03) powder prior to performing a heat 
treatment, thus producing a fuel electrode (anode) sup- 
port type single cell 4 for SOFC stacks. 
[0025] In order to produce an SOFC stack using the 
fuel electrode support type single cells 4, two metal sep- 
arating plates, or first and second separating plates 8 
and 9. were used. The two separating plates 8 and 9 
respectively had fuel gas channels and oxidizing gas 
channels, which extended across each other with the 
single cells 4 being interposed between the fuel gas 
channels and the oxidizing gas channels within a result- 
ing stack. In addition, a ceramic insulating plate 10 was 
interposed between two separating plates 8 and 9 of 
neighboring stack structures at a position corresporxJ- 
ing to an area free from the single cells 4. Of the two 
separating plates Barxj 9. the second one 9. interposed 
between the first one 8 and the insulating plate 10 as 
shown in Figs. 3 and 4, had a plurality of pockets or 
sealing grooves 12 for seating the bent support portions 
33 of the single cells 4. When the separating plates 8 
and 9 and the insulating plate 10 were assembled 
together, a small amount of sealant was applied to the 
junctions between the two separating plates 8 and 9 
and the insulating plate 10. thus preventing a gas leak- 
age from the junctions at an operational temperature of 
the SOFC stack. As best seen in Fig. 4, the sealing 
grooves 12 of the second separating plate 8 were sized 
to have a clearance of 1 - 2 mm Inside and outside the 
bent support portion 33 of each single cell 4. and were 
deeper than the inside height of the bent support por- 
tion 33 by 0.5 ~ 1 mm. 

[0026] Therefore, in the case of using single cells 4 
of 50x50 mm, the sealing grooves 12 of the second sep- 
arating plate 9 had an inside width of 43 mm. an outside 
width of 53 mm, a groove width of 5 mm, and a depth of 
about 1 .5 - 2.5 mm. The thickness of the second sepa- 
rating plate 9 of a resulting SOFC stack was increased 
in proportion to the depth of the grooves 1 2. and so it 
was necessary to design the second separating plate 9 
to have as small a thickness as possible. While assem- 
bling a desired SOFC stack, a sealant was filled within 
the sealing grooves 12 of the second separating plate 9 
prior to placing the bent support portions 33 of the sin- 
gle cells 4 within the grooves 12. Such a stacking proc- 
ess was repeated to completely produce a desired 
SOFC stack. 
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[0027] In such a case, two conventional cotiectors. 
or first and second collectors 13 and 14. were used to 
bring the air electrode 3 and the fuel electrode 1 of each 
single cell 4 into electric contact with the first separating 
plate 8 of a neighbouring stack structure and the chan- 
nel support 7 or the second separating plate 9 of this 
stack structure, respectively, A thin gauze of about 50 
mesh, made of Ni, was used as the first collector 13 
positioned around the fuel electrode 1 of each single 
cell 4. On the other hand, a porous conductive ceramic 
plate, having the same component as that of the cath- 
ode 3 or ceramic separating plates of each single cell 4 
and being inexpensive in comparison with a meshy 
gauze made of a noble metal, such as Pt. was used as 
the second collector 14 positioned around the air elec- 
trode 3. 

[0028] In order to accomplish a desired electric 
contact of the fuel electrode 1 of each single cell 4 with 
the gas channels of the first separating plate 8. it was 
necessary to make the gas channel structure thicker 
than that of an SOFC stack using the conventional pla- 
nar type single cells of Fig. 1 a. Such a thick gas channel 
structure was accomplished by making the gas channel 
area of the first separating plate 8 thicker than the other 
areas of the plate 8. It was also possible to nrx^re simply 
make the desired thick gas channel structure by setting 
a separate channel support having a smaller size than 
the width between the bent support portions 33 of each 
single cell 4 within the stack as shown in Fig. 3. In such 
a case, the gas channels 6 of the first separating plate 8 
were effectively brought into electric contact with the 
fuel electrode 1 of each single cell 4. 
[0029] Therefore, in the SOFC stack structure 1 1 
having the fuel electrode support type single cells 4 of 
this Example, the separating plates 8 and 9 are some- 
what thicker than those of a conventional SOFC stack 
structure. However, the SOFC stack structure 1 1 of this 
invention is advantageous in that it has an improved gas 
sealing effect, effectively relieves the stress due to a dif- 
ference in coefficient of thermal expansion, and stably 
fixes the position of the single cells 4 within the SOFC 
stack. 

Example 2 (A process of producing a air electrode 
(cathode) support type single cell which is bent down- 
wardly at four sides, and a process of producing an 
SOFC stack using such single cells) 

[0030] In order to produce a desired air electrode 
support type single cell 4, LSM (Lao.8Sro.2^''n03) pow- 
der was mixed with graphite powder prior to performing 
conventional forming and heat treating processes, thus 
forming a porous substrate, or an air electrode layer 3 
having a porosity of 40%. In such a case, the porous 
cathode substrate 3 had a shape shown in Fig. 2b, with 
a square size of 55 x 55 mm. a thickness of a square 
portion 31 of 1 - 2 mm. an outside height of a bent sup- 
port portion 33 of atx>ut 3 mm. an inside height of the 



bent support portion 33 of about 1-2 mm, and a thick- 
ness of the bent support portion 33 of about 1 - 2 mm. 
Thereafter, an electrolyte layer 2 was formed on the 
porous substrate 3 in the same manner as that 

5 described for Example 1. In addition, the lower surface 
of the electrolyte layer 2 was printed with a starting 
material, which was made by primarily mixing NiO pow- 
der with yittria stabilized zirconia power (Zr02-t-8Y203. 
8YSZ) at a weight ratio of 50:50 and by secondarily mix- 

10 ing 20% graphite powder wrth the powder mixture, in the 
same manner as that described for Example 1, thus 
forming a fuel electrode layer 1. An air electrode (cath- 
ode) support type single cell 4 of Fig. 2b was produced. 
[0031] Thereafter, an SOFC stack of Figs. 3 and 5 

75 was produced using the air electrode support type sin- 
gle cells 4 of Fig. 2b. In this example, the remaining 
steps of producing the stack were the same as those of 
Examples 

20 Example 3 (A process of producing a self-support (elec- 
trolyte support) type single cell which is bent down- 
wardly at four sides, and a process of producing an 
SOFC stack using such single cells) 

25 [0032] In order to produce a desired self-support 
(electrolyte support) type single cell 4. an electrolyte 
layer 2 having the shape of Fig. 2c was primarily formed 
using a starting material, or granule powder having a 
size of 20 - 30 and being selected from doped zir- 

30 conia (Zr02). doped ceria (Ce02). doped bismuth oxide 
(Bi203). doped perovskite and a mixture thereof. There- 
after, the electrolyte layer 2 was sintered. The electro- 
lyte layer 2 had ultimately a square size of 50 x 50 mm, 
a thickness of a square portion 31 of 150 (im. an inside 

35 heght of the bent support portion 33 of 2 mm. and a 
thickness of the bent support portion 33 of about 150 ~ 
1000 [ivn. In such a case, it was also possible to make 
the thickness of the bent support portion 33 be 150 jj.m 
equal to that of the square portion or be 1-2 mm in the 

40 same manner as that described for Example 1 . 

[0033] Thereafter, LSM (Lao.eSro g'^^Os) powder, 
or the material of the air electrode (cathode) layer 3. and 
NiO-YSZ, or the material of the fuel electrode (anode) 
layer 1 . were printed on the upper and lower surfaces of 

45 the electrolyte layer 2 prior to performing a heat treating 
process, thus forming a desired self-support type single 
cell 4 for SOFC stacks. 

[0034] In addition, an SOFC stack was produced 
using the self-support type single cells 4 of Fig. 2c and 

so two metal separating plates 8 and 9. In such a case, the 
two metal separating plates 8 and 9 were arrayed in a 
way such that the fuel gas channels and the oxidizing 
gas channels of the two plates 8 and 9 extended across 
each other with the single cells 4 being interposed 

55 between the fuel gas channels and the oxidizing gas 
channels. In addition, a ceramic insulating plate 10 was 
set between two separating plates 8 and 9 of neighbour- 
ing stack structures 1 1 at a position corresponding to an 
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area free from the single cells 4. thus forming a desired 
SOFC stack. In the SOFC stack of this Example. It has 
been possible to reduce the thickness (volume) of the 
insulating plate 10 by the thickness of the self-support 
type single cells thinner than the single cells of Example 
1 . In this example 3, the remaining steps of producing 
the SOFC stack were the same as those of Example 1 . 

Example 4 (A process of producing an SOFC stack 
without sealing the insulating plate at a p>osition corre- 
sponding to the gap between the single cells) 

10035] Since each insulating plate 10 of each stack 
structure 1 1 of Fig. 3 was brought into contact with the 
first separating plate 8 of an upper stack structure at its 
upper surface and with a second separating plate 9 at 
its lower surface, the insulating plate 10 was set within 
the SOFC stack with a sealant being applied to both 
sides of the insulating plate 10. The insulating plate 10 
of Examples 1 to 3 thus accomplished a constant f tow of 
oxidizing gas in addition to a desired oxidizing gas seal- 
ing effect during an operation of the SOFC stack at a 
high temperature. However, in the SOFC stack, such an 
oxidizing gas sealing structure of the insulating plate 10 
was not more important than the fuel gas sealing struc- 
ture provided by the first and second separating plates 
8 and 9. Therefore, even though the oxidizing gas seal- 
ing structure of the insulating plate 10 was formed by 
sealing the gas manifold area around the edge of the 
insulating plate 10. the oxidizing gas sealing structure 
was free from badly or seriously affecting the opera- 
tional performance of a resulting SOFC stack. There- 
fore, in this example 4. the resulting SOFC stack was 
produced while limitedly sealing both the edge and the 
gas manKoW area of the insulating plate 10 without 
seating the cross-shaped gap between the single cells 
4. In the SOFC stack of this Example 4, it was easy to 
separate the plates 8, 9 and 10 from each prior to 
repairing. In this example 4. the remaining steps of pro- 
ducing the SOFC stack were the same as those of 
Examples 1 , 2 and 3. 

Example 5 (A process of producing an SOFC stack with 
interconnected sealing grooves) 

[0036] In order to reduce the number of sealing 
grooves 12 in the electrode support type single cells of 
Examples 1 and 2 and in the self-support (electrolyte 
support) type single cell of Example 3. the SOFC stack 
of this Example 5 was produced using a second sepa- 
rating plate 9 with the sealing grooves 12 being inter- 
connected into a single groove. In such a second 
separating plate 9. the interconnected sealing groove 
12 had the same depth as that of Examples 1 . 2 and 3. 
and the portion of the sealing groove 1 2 arourxi the gas 
manifoWs 15 had the same width. 5 mm. as that of 
Examples 1. 2 and 3. In addition, the portion of the inter- 
connected sealing groove 12 around the single cells 4 



had a width of above 10 mm. and so the resulting sec- 
ond separating plate 9 of this Example 5 was free from 
the steps between the sealing grooves 12 of Figs, 4, 5 
and 6. In this example 5. the remaining steps of produc- 
5 ing the SOFC stack were the same as those of Exam- 
ples 1 . 2. 3 and 4. 

Example 6 (A process of producing an SOFC stack with 
. a first separating plate integrated with a channel sup- 
10 port) 



I0037J A desired SOFC stack of this Example was 
produced using a first separating plate 8 integrated with 
a channel support 7. The separating plate 8 integrated 
75 with the channel support 7 simplified the process of pro- 
ducing the SOFC stacks since it was possible to remove 
the necessity for separately forming the first separating 
plate 8 and the channel support 7. In this example 6. the 
remaining steps of producing the SOFC stack were the 
20 same as those of Examples 1 . 2. 3. 4 and 5. 

Example 7 (A process of producing an SOFC stack with 
both the second separating plate and the insulating 
plate being made of the same material) 

25 

[0038] In the stacks of Examples 1 . 2. 3. 4. 5 and 6, 
it was possible to made the second separating plate 9 
using a nonconductlve material different from the first 
separating plate 8. Therefore, the SOFC stack of this 
30 Example 7 was produced using a second separating 
plate 9 nr^de of a ceramic material, free from a reaction 
with the sealant filled in the sealing grooves 12, rather 
than an expensive heat resisting metal. In this exarrple 
7. the remaining steps of producing the SOFC stack 
35 were the same as those of Examples 1 . 2. 3. 4. 5 and 6. 

Example 8 (A process of produdng a fuel electrode 
(anode) support type single cell which is bent down- 
wardly at opposite two sides, and a process of produc* 
40 ing an SOFC stack using such single cells) 

[0039] In order to produce a desired fuel electrode 
(anode) support type single cell 4. NiO powder and yit- 
tria statMiized zirconia power (ZrOg+SYgOs. 8YSZ) were 
45 mixed together at a weight ratio of 50:50. thus preparing 
a powder mixture. Thereafter. 20% graphite powder was 
mixed with the powder mixture, thus forming a starting 
material for porous substrates. A porous substrate, or a 
fuel electrode layer 1 having a porosity of 40%. was pro- 
50 duced using the starting material. In such a case, the 
pxxous substrate 1 had a shape with opposite two sides 
being bent downwardly as shown in Fig. 7a. That is. the 
porous substrate 1 was sintered ultimately into a square 
size of 55 X 55 mm. a thickness of a square portion 31 
55 of 1 - 2 mm, an outside height of a bent support portion 
33 of atx)ut 3 mm. an inside height of the bent support 
portion 33 of about 1 ~ 2 mm. and a thickness of the 
bent support portion 33 of about 1-2 mm. Thereafter, 
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an electrolyte, selected from doped zirconia (Zr02), 
doped ceria (Ce02). doped bismuth oxide (81203). 
doped perovskite and a mixture thereof, was coated on 
the substrate 1 through a conventional slurry coating 
process or a chemical vapor deposition process prior to 5 
performing a heating treatment, thus forming a dense 
electrolyte layer 2 having a thickness of 10 - 50 \im. In 
the same manner as that described for Example 1. a 
porous air electrode (cathode) 3 was printed on the top 
surface of the electrolyte layer 2 prior to performing a w 
heating treatment, thus producing a fuel electrode sup- 
port type single cell 4 with opposite two sides being bent 
downwardly as shown in Fig. 7a. 
[0040] A desired SOFC stack was produced using 
the single cells 4 of Fig. 7a. In the process of producing is 
the SOFC stack, a separating plate 8. with a plurality of 
sealing grooves 12 having a shape corresponding to the 
profile of each single cell 4 and extending in parallel to 
the channels 6. was used. In this example, the SOFC 
stack was produced without using the separate channel 20 
support 7 and the second separating plate 9 different 
from the process of Example 1. The SOFC stack of this 
Example 8 had the construction shown in Fig. 8 (and 
referred to Fig. 4). This SOFC stack was reduced in 
height in comparison with the SOFC stack of Fig. 3 2S 
since the stack was free from the separate channel sup- 
port 7 and the second separating plate 9. In this exam- 
ple, the remaining steps of producing the SOFC stack 
were the same as those of Example 1 . 

30 

Example 9 (A process of producing an air electrode 
(cathode) support type single cell which is bent down- 
wardly at opposite two sides, arxi a process of produc- 
ing an SOFC stack using such single cells) 

35 

[0041] (n order to produce a desired air electrode 
(cathode) support type single cell 4, LSM 
(Lao sSro 2^^103) powder was mixed with granule 
graphite powder prior to performing conventional form- 
ing and heat treating processes, thus forming a porous ^0 
substrate, or an air electrode layer 3 having a porosity of 
40%. In such a case, the porous substrate 3 had a 
shape with opposite two sides being bent as shown in 
Fig. 7b. The porous substrate 3 was sintered ultimately 
into a square size of 55 x 55 mm, a thickness of a 45 
square portion 31 of 1 - 2 mm, an outside height of a 
bent support portion 33 of about 3 mm, an Inside height 
of the bent support portion 33 of about 1 - 2 mm, and a 
thickness of the bent support portion 33 of about 1-2 
mm. Thereafter, an electrolyte, selected from doped zir- so 
conia (Zr02). doped ceria (Ce02), doped bismuth oxide 
(BigOa). doped perovskite and a mixture thereof, was 
coated on the substrate 3 through a conventional slurry 
coating process or a chemical vapor deposition process 
prior to performing a heating treatment, thus forming a ss 
dense electrolyte layer 2 having a thickness of 10 - 50 
fim. In addition, the lower surface of the electrolyte layer 
2 was printed with a starting material, which was made 
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by primarily mixing NiO powder with yittria stabilized zir- 
conia power (Zr02+8Y203, 8YSZ) at a weight ratio of 
50:50 and by secofKlarily mixing 20% graphite powder 
with the powder mixture, through the same printing 
process as that described for Example 1. Therefore, a 
desired air electrode support type single cell 4. with 
opposite two sides being bent downwardly as shown in 
Fig. 7b. was produced. 

[0042] A desired SOFC stack was produced using 
the single cells 4 of Fig. 7b. The construction of the 
SOFC stack of this Example is shown in Fig. 8 (and 
referred to Fig. 5). In this example, the remaining steps 
of producing the SOFC stack were the same as those of 
Example 8. 

Example 10 (A process of producing a self-support 
(electrolyte support) type single cell which is bent down- 
wardly at opposite two sides, and a process of produc- 
ing an SOFC stack using such single cells) 

[0043] In order to produce a desired self-support 
(electrolyte support) type single cell 4. an electrolyte 
substrate 2 having the shape of Fig. 7c was primarily 
formed using a starting material, or granule powder hav- 
ing a size of 20 ~ 30 ^m and being made of a materia! 
selected from doped zirconia (Zr02). doped ceria 
(Ce02). doped bismuth oxide (81203), doped perovskite 
and a mixture thereof. Thereafter, the above substrate 
2. bent downwardly at opposite two sides, was sintered. 
The electrolyte substrate 2 from the sintering process 
was prepared ultimately into a square size of 50x50 
mm, a thickness of a square portion 31 of 150 ^m, an 
inside height of the bent support portion 33 of 2 mm, 
and a thickness of the bent support portion 33 of atKDut 
150 - 1000 ^m. In such a case, it was also possible to 
make the thickness of the bent support portion 33 be 
150 Jim equal to that of the square portion 31 or be 1 ~ 
2 mm in the same manner as that described for Exam- 
ples 8 and 9. Thereafter. LSM (Lao.8Sro.2Mn03) pow- 
der, or the material of an air electrode (cathode) layer 3. 
and NiO-YSZ, or the material of a fuel electrode (anode) 
layer 1 , were printed on the upper and lower surfaces of 
the electrolyte substrate 2 prior to performing a heat 
treating process, thus forming a desired self-support 
(electrolyte support) type single cell 4 with two porous 
electrode layers 1 and 3. 

[0044] A desired SOFC stack was produced using 
the single cells 4 of Fig. 7c. The SOFC stack of this 
Example had a construction as shown in Fig. 8 (arid 
referred to Fig. 6). In this example, the remaining steps 
of producing the SOFC stack were the same as those of 
Example 8. 

Example 1 1 (A process of producing an SOFC stack 
with an improved gas channel sealing structure on both 
an insulating plate and a separating plate) 

[0045] In order to improve the sealing effect 
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between the insulating plate 10 and the separating plate 
8 while producing the SOFC stack of Fig. 8. a small 
amount of sealant was applied to the upper arxi lower 
surfaces of the plates 8 and 10. However, it was possi- 
ble for the sealant to flow down into the fuel gas chan- 5 
nels with the passage of time, thus undesirably 
disturbing a smooth gas flow within the channel or los- 
ing a desired sealing effect. 

[0046] In an effort to overcome such a problem 
derived from the stacks of Examples 8. 9 and 10 with 10 
the gas channels passing perpendicularly at the junc- 
tion between the single cells 4 on the separating plate 8. 
the SOFC stack of this Example 1 1 was produced while 
lowering the gas channel to a predetermined depth 
(example, a half depth of channel) with a plurality of flat is 
plates or foot bridge plates having the same thickness of 
the depth and being positioned on the channels. There- 
fore, the sealing effect between the separating plate 8 
and the insulating plate 10 of the stack was improved 
while accomplishing the desired smooth gas flow within 20 
the gas channels. In this example, the rennaining steps 
of producing the SOFC stack were the same as those of 
Examples 8. 9 and 10. 

Example 12 (A process of producing an SOFC stack 2s 
with a reduced number of sealing grooves formed on 
the separating plate) 

[0047] In order to reduce the number of sealing 
grooves (sealing pockets) on the separating plate 8 in 30 
the SOFC stacks of Examples 8. 9, 10 and 1 1 . the slack 
of this Example 12 was produced, with the steps of the 
grooves 12 at positions between the single cells 4 being 
removed so as to at least partially integrate the sealing 
grooves 12 into a single groove 1 2. In such a case, the 35 
steps were removed from the positions corresponding 
to the junctions between the single cells 4 rather than 
the positions around the gas manifolds 15 without 
changing the depth of the sealing groove 1 2. Therefore, 
on the separating plate 8, the horizontally and/or verti- 40 
cally neighboring single cells 4 commonly used the 
sealing groove 12 having a width of 10 mm. In this 
example, the remaining steps of producing the SOFC 
stack were the same as those of Examples 8. 9. 10 and 

11. 45 

Example 13 (A process of producing an SOFC stack 
with the seaJing structure being removed from the junc- 
tion between the bent support portions of the single 
cells and the insulating plate) so 

[0048] In the SOFC stack of Fig. 8. it was possible 
to remove the cross -shaped portion from the central 
portion of the insulating plate 10 without affecting the 
functioning of the resulting stack. Therefore, the SOFC ss 
stack of this Example was produced using an insulating 
plate 10. with the cross-shaped portion being removed 
from the central portion of the insulating plate 10 rather 



than the portions around the bent support portions 33 of 
the single cells 4 or the portions around the gas mani- 
fold sealing edge of the insulating plate 10 different from 
the slacks of Examples 8. 9. 10. 11 and 12. In this 
example, the remaining steps of producing the SOFC 
stack were the same as those of Exanrples 8. 9. 10. 11 
and 12. 

[0049] As described above, the present invention 
provides a single cell and a stack structure for SOFC 
stacks. In the single cell, two or four opposite sides are 
bent downwardly to form an electrode support type 
structure or a self-support (electrolyte support) type 
structure each having a reversed U-shaped cross-sec- 
tion. The present invention also provides an SOFC 
stack structure, with such single cells being gastightly 
stacked on a separating plate having a plurality of seal- 
ing grooves sealed with sealant. In the SOFC stack of 
this invention, rt is possible to prevent the fuel gas and 
the oxidizing gas from being mixed together while sim- 
ply accomplishing a desired gas sealing effect. The 
SOFC stack is thus free from the stress due to a differ- 
ence in coefficient of thermial expansion between the 
single cells and the separating plate when the tempera- 
ture of the stack is raised or lowered. Since the sealant 
is stably kept within the sealing grooves regardless of 
an environmental change, it is possible to operate the 
SOFC stack while raising or lowering the temperature of 
the stack without affecting the functioning of the stack. 
When the SOFC stack of this invention is assembled, 
the bent support portions of the single cells are pre- 
cisely seated in the sealing grooves (sealing pockets) of 
the separating plate. The single cells are thus stably 
held within the SOFC stack irrespective of external 
impact or thermal stress. Therefore, the present inven- 
tion lengthens the expected life span of the SOFC stack, 
improves the durability and the operational reliability of 
the stack, and allows a user to more easily repair the 
stack when necessary. 

[0050] Although the preferred embodiments of the 
present invention have been disclosed for illustrative 
purposes, those skilled in the art will appreciate that 
various modifk:ations. additions and substitutions are 
possible, without departing from the scope and spirit of 
the invention as disclosed in the accompanying claims. 

Claims 

1 . A single cell for solid oxide fuel cell stacks, compris- 
ing a fuel electrode (anode), an electrolyte and an 
air electrode (cathode), is shaped while being bent 
downwardly with opposite two or four sides of said 
single cell, thus forming an electrode support type 
single cell or a self-support (electrolyte support) 
type single cell each having a reversed U-shaped 
cross-section. 

2. The single cell according to Claim 1. wherein said 
fuel electrode (anode) is shaped while being bent 
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downwardly to have a planar portion, a corner por- 
tion and a bent support portion, with the electrolyte 
having a dense structure and being coated on a top 
surface of said planar portion of the fuel electrode 
and on at least a part of external surfaces of said 5 
corner and bent support portions of the fuel elec- 
trode and with the air electrode having a porous 
structure and being printed on a top planar surface 
of said electrolyte, thus forming a fuel electrode 
(anode) support type single cell having an at least 10 7. 
triple-layered structure. 

The single cell according to Claim 1 . wherein said 
air electrode is shaped while being bent down- 
wardly to have a planar portion, a corner portion is 
and a bent support portion, with the electrolyte hav- 
ing a dense structure and being coated on a lower 
surface of said planar portion of the fuel electrode 
arxj on at least a part of external surfaces of said 
corner arxj bent support portions of the fuel elec- 20 
trode and with the fuel electrode having a porous 
structure and being coated on a lower planar sur- 
face of said electrolyte, thus forming an air elec- 
trode (cathode) support type single cell having an 
at least triple-layered structure. 25 

The single cell according to Claim 2 or 3. wherein 
said electrode substrate bent downwardly at its 
opposite two or four sides and a dense electrolyte 
layer coated on said electrode substrate prior to so 
being heat-treated, said electrolyte layer having a 
thickness of 10 - 50 and being made of a mate- 
rial selected from doped zirconia (Zr02), doped 
ceria (Ce02), doped bismuth oxide (BigOa). doped 
perovskile and a mixture thereof, with the air elec- 35 
trode and the fuel electrode respectively coated on 
upper or lower surfaces of said electrolyte, thus 
forming an electrode support type single cell having 
an at least triple-layered structure. 

40 8. 

The single cell according to Claim 1 . wherein said 
electrolyte is shaped while being bent downwardly 
at its opposite two or four sides so as to have a pla- 
nar portion, a corner portion and a bent support 
portion, with the fuel electrode (anode) being 45 
coated on a lower surface of said planar portion of 
the electrolyte and with the air electrode (cathode) 
being coated on a top surface of said electrolyte, 
thus forming a self-support (electrolyte support) 9. 
type single cell having an at (east triple-layered so 
structure. 

The single cell according to Claim 5, wherein the 
electrolyte is formed as an electrolyte plate made of 
granule powder, having a size of 20 - 30 and ss 
being made of a material selected from doped zir- 1 0. 
conia (Zr02). doped ceria (CeOz). doped bismuth 
oxide (Bi203), doped perovskite and a mixture 



thereof, said electrolyte plate having a thickness of 
150 - 1000 Jim and being shaped while being bent 
downwardly at opposite two or four sides thereof, 
with the air electrode and the fuel electrode respec- 
tively coated on upper and lower surfaces of a pla- 
nar portion of said electrolyte, thus forming the self- 
support (electrolyte support) type single cell having 
an at least triple-layered structure. 

A solid oxide fuel cell stack structure, comprising: 

a first separating plate having a plurality of gas 
channels: 

a second separating plate having a plurality of 
sealing grooves and being laid on the first sep- 
arating plate; 

a plurality of channel supports seated on the 
gas channels of the first separating plate at 
positions within the second separating plate; 
a plurality of solid oxide fuel single cells each 
consisting of a fuel electrode, an electrolyte 
and an air electrode, with four sides of each 
single cell being bent downwardly so as to form 
an electrode support type single cell or a self- 
support (electorlyte support) type single cell 
having a reversed U-shaped cross-section, 
said single cells being seated on the second 
separating plate while being positioned on said 
channel supports with bent support portions of 
the single cells being held within the sealing 
grooves filled with a sealant: 
a first collector positioned between each of said 
channel supports and an associated single 
cell; 

a second collector positioned on each of said 
single cells; and 

an insulating plate laid on said second separat- 
ing plate. 

The solid oxide fuel cell stack structure according to 
Claim 7, wherein said first and second separating 
plates and said insulating plate are sealed at their 
junctions by a sealant at positions around gas man- 
ifolds while removing a cross-shaped central por- 
tion or the whole of the insulating plate, and so 
oxidizing gas channels between the single cells are 
not individually sealed. 

The solid oxide fuel cell stack structure according to 
Claim 7, wherein the sealing grooves of said sec- 
ond separating plate are interconnected together at 
least partially, thus allowing the single cells to be 
commonly held by the interconnected sealing 
grooves. 

The solid oxide fuel cell stack structure according to 
Claim 7. wherein said first separating plate is inte-. 
grated with said channel support. 
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1 1. A solid oxide fuel cell stack structure, comprising: 

a separating plate having a plurality o1 gas 
channels and a plurality of sealing grooves 
extending in parallel to the gas channels; 5 
a plurality of solid oxide fuel single cells each 
consisting of a fuel electrode, an electrolyte 
and an air electrode, with opposite two sides of 
each single cell being bent downwardly so as 
to form an electrode support type single cell or io 
a self-support (electrolyte support) type single 
cell having a reversed U-shaped cross-section, 
said single cells being seated on said separat- 
ing plate with bent support portions of the sin- 
gle cells being held within the sealing grooves is 
filled with a sealant and with a junction between 
the single cells being directly sealed by a seal- 
ant on the gas channels; 
a first collector positioned between each of said 
gas channels and an associated single cell; 20 
a second collector positioned on each of said 
single cells; and 

an insulating plate laid on said separating 
plate. 

25 

12. The solid oxide fuel cell stack structure according to 
Claim 11. wherein the single cells are held on the 
separating plate by planar plates or foot bridge 
plates while removing the gas channels of the same 
width and depth as those of planar plates or foot 30 
bridge plates, thus forming a plurality of fuel gas 
channels. 

13. The solid oxide fuel cell stack structure according to 
Claim 1 1 . wherein the sealing grooves of said sep- 3S 
arating plate are interconnected together at least 
partially, thus allowing the single cells to be com- 
monly held by the interconnected sealing grooves. 

14. The solid oxide fuel cell stack structure according to 40 
Claim 11. wherein said separating plate and said 
insulating plate are sealed at their junction by a 
sealant at positions around gas manifolds while 
removing a cross-shaped central portion or the 
whole of the insulating plate, and so oxidizing gas 45 
channels between the single cells are not individu- 
ally sealed. 
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[FIG 3] 
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